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Federal Aviation Administration, Systems Research and Development Ser-
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"Rehabilitation of Porous Friction Courses."

The project was performed under the general supervision of

Mr. James P. Sale, former Chief of GL, and Dr. Don C. Banks, Acting

Chief of GL, and under the direct supervision of Messrs. Alfred H.

Joseph, Chief of PSD, and Elton R. Brown, Chief of Material Research

Center (PSD). This report was prepared by Mr. James E. Shoenberger.
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INTRODUCTION

BACKGROUND

The porous friction course mix, also known as "open-graded mix,"

"plant-mix seal coat," and "popcorn mix," is referred to by the abbre-

viation "PFC" throughout this report. A PFC is an open-graded, free-

draining, bituminous mixture that is used as a means of preventing

hydroplaning and improving traction on wet pavements.

Although the PFC has been used in England since the late 1950's,

its introduction in the United States in the late 1960's resulted in the

construction of increasing numbers of PFC pavements. Many of the PFC

pavements have now reached an age where maintenance is becoming a prob-

lem. This increase in use and age has brought to light the need for

airport operators to be able to estimate the service life of the PFC

pavements and to determine satisfactory maintenance procedures to cor-

rect the various problems that occur in PFC pavements.

Engineers on a number of airfields that have PFC pavements are

faced with increasing maintenance problems. Some of the problems in-

clude crack sealing, patching, and the overlaying of PFC's. Conven-

tional maintenance techniques that have been used for dense-graded

asphaltic concrete pavements in the past may not be satisfactory for use

with PFC pavements.

OBJECTIVES

The service life of a PFC is affected by the environment, under-

lying pavement condition, traffic, design, and construction materials.

Problems that may be associated with PFC performance include raveling,

cracking, and loss of permeability. The objectives of this study are

(a) to identify problems that have been observed in the performance of

PFC pavements and (b) to evaluate the effectiveness of current mainte-

nance and repair practices used to correct the problems identified.

SCOPE

A number of airfields with existing PFC pavements were selected

-1 A - - .



to be inspected to determine performance problems and maintenance tech-

niques being used to correct these problems. These airfields were

located in the various climatic regions of the United States so that the

effect of the environment could be determined. These PFC pavements were

designed using a number of design procedures and built with various

materials and construction techniques.

Criteria used in selecting the PFC airport pavements surveyed for

this report included selection of those PFC pavements that had been in

place the longest and those that had been subjected to some type of

maintenance. Another requirement for the selection of commercial air-

ports was that the airport be included in the Federal Aviation Adminis-

tration (FAA) National Runway Friction Measurement Program.

Condition surveys were conducted on selected PFC pavements at 10

different airports throughout the United States. Three of the airfields

were military airbases, and the remaining seven were civilian airports.

Table I lists the airports surveyed and the date of each survey.

Table 1. Airport Locations and Dates Surveyed

Site Date
No. Location Conducted

1 Great Falls International Airport, Great Falls, Apr 80

Montana

2 Greensboro-High Point-Winston Salem Airport, Jan 80
Greensboro, North Carolina

3 Monroe Regional Airport, Monroe, Louisiana Apr 80

4 Dallas Naval Air Station, Dallas, Texas May 80

5 Pease Air Force Base, Portsmouth, New Hampshire Jan 80

6 Portland International Airport, Portland, Maine Jan 80

7 Salt Lake City International Airport, Salt Lake City, Apr 80

Utah

8 Scott Air Force Base, Illinois May 80

9 Sioux City Municipal Airport, Sioux City, Iowa May 80

10 Joe Foss kield, Sioux Falls, South Dakota May 80
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PFC TESTS

PERMEABILITY

Field and laboratory permeability tests run on the PFC's followed

test procedures presented in Appendix A. Table 2 summarizes the results

of the tests. One series included running three permeability tests both

in and out of the trafficked area. These tests were averaged to obtain

one value both in and out of traffic. It was found that the perme-

abilities obtained were generally well above 1000 ml/min, generally

considered as an acceptable minimum limit. 1 The PFC from Portland

International Airport, however, provided an average permeability both in

and out of traffic less than the desired 1000 ml/min.

FIELD SAMPLES

Core specimens were taken in order to run extractions and grada-

tions to verify the construction data. Where core specimens were not
1,2

obtained, data were generally available from previous testing.

Scheduling difficulties prohibited sampling at Scott Air Force Base and

on runway 3-21 at Great Falls Airport. Table 2 lists the asphalt con-

tent and aggregate gradations determined from the latest available test

data.

3
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FIELD SURVEYS

A visuial inspection was made of the PFC pavement at each loca-

tion. When airports had more than one PFC, each PFC was visually in-

spected whenever possible. Table 2 lists the results of field and

laboratory tests for the PFC's surveyed. Table 3 lists construction

data, traffic data, and the latest friction measurement values when

available.

Permeability tests were conducted on all PFC's surveyed. The

tests on the FFC from Pease Air Force Base and Portland International

Airport were conducted in the laboratory on cored samples with the

remaining airports being tested in the field. The field tests were

condu-ted in areas, both in and out of traffic, with sample locations

randomly selected to represent the entire PFC. The areas selected for

testing were relatively free of foreign materials (paint, rubber build-

up, etc.) and most structural defects (cracking, raveling, etc.).

GREAT FALLS INTERNATIONAL AIRPORT

A condition survey of PFC runways 16-34 and 3-21 at Great Falls

Airport was conducted in April 1980. Permeability tests were conducted

on both runways.

The 3/4-in.- (19.05-m,-) thick PFC on runway 16-34 was con-

structed in September 1972. From 1972 to 1978, runway 16-34 was traf-

ficked by both private and air carrier aircraft; since 1978, it has been

used only by occasional private aircraft. The PFC mix design was deter-

mined using the Marshall mix method. The initial asphalt content

selected was at 7.5 percent but was lowered to 7.0 percent when excess

drainage was noted during construction of a test section. The need to

adjust the asphalt content could be expected since the Marshall 3 mix

design method was developed for dense-graded mixtures. A 60-70 pene-

tration (pen) grade asphalt was selected for use on this job. Silicon

was added to the asphalt to improve its antistripping properties. The

rradation of the aggregate was within the recommended Federal Aviation

Ad"inistration (FAA) gradation limits riven in Standard Qualification

" " " i - " 1 
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Section P-402. The aggregate consisted of crushed limestone with a

specific gravity 5 of 2.68 and a Los Angeles abrasion test 6 value of 22

percent. The mixing temperature selected was 2850F (1410 C). The PFC

mixture was produced in a batch plant and then placed with a conven-

tional 12-ft- (3.66-m-) wide paver. RoLling to properly seat the PFC

was accomplished with a steel-wheel roller. A light tack coat was

applied to the underlying pavement.

The winter following construction was moderate, but numerous

popouts (the loss of singular pieces of surface aggregate) were observed

after the first winter that were attributed to freeze-thaw cycles.

Normally 20-30 freeze-thaw cycles occur per year in this area. Exten-

sive reflective cracks, which run the entire width of the runway, ap-

peared through the PFC several months after construction. These cracks

were sealed in 1974 with a mixture of SS-lh emulsion and sand to control

raveling adjacent to the cracks (Figure 1). According to local engi-

neers, some longitudinal paving joints contained depressions or ridges,

which were caused by both cool weather conditions and poor construction

procedures such as overlapping some longitudinal joints and not achiev-

inr complete closure on others. Snowplows with metal blades planed off

some of the ridges, which then required patching with a dense mixture in

the PFC. The sealed reflective cracks have continued to widen since

being sealed in 1974. These sealed cracks plus the longitudinal paving

joints restrict the flow of water across the pavement as observed during

permeability testing.

Raveling of the pavement has continued to be a problem. The use

of low penetration grade asphalt (60-70 pen) in this mix has probably

contributed to the raveling problem. Normally the asphalt used in this

area would be an 85-100 pen grade asphalt.

Permeability tests showed that a lower permeability existed in

the traffic lane than outside the traffic lane. This result was ex-

pected since traffic will decrease the voids and likewise decrease the

permeability. Results from tests using the Mu-Meter trailer unit
4

indicate almost no difference in wet and dry Mu-Meter values for this

PFC (Table 3).

9



Figure 1. Sealed reflective cracks
(runway 16-34, Great Falls)

The 3/h-in.- (19.05-mm-) thick PFC on runway 3-31 was constructed

in 1978. The PFC was applied in the fall in generally cool weather.

Before the PFC was laid, the damaged cracks on the old runway were

routed out and patched with an asphalt mix. The contractor, Thomas,

Dean, and Hasgins, arrived at the mix design by varying the asphalt

content and mix temperature in the test sections and also by using their

own judgment and experience. They determined a final asphalt content of

7.2 percent, mixed at 300 F (1)90 C). A neoprene-rubberized asphalt (85-

100 pen) was selected as the binder for this job. Tho aggregate was a

limestone, similar to that used for runway 16-34. The gradation of the

aggregate was within the recommended limits except for a deficiency of

material passing the No. 200 sieve. North Testing Laboratory in Montana

performed the testing on the mix. The PFC mix, like the one on runway

16-34, was produced in a batch plant, placed with a conventional paver,

and rolled with a steel-wheel roller.

According to airport personnel, the PFC was laid with an excess

of asphalt binder that caused bleeding during construction and thus

created rich spots (Figure 2). This bleeding might have been avoided by

waiting for the asphalt to cool to some extent before compaction. The

10



Figure 2. Rich spots (runway 3-21, Great Falls)

areas that have bleeding problems cover approximately 10 percent of the

PFC i. the trafficked area. Although these patches do present slick

spots when wet, they are spaced sufficiently so that there is no detri-

mental effect on PFC traction performance. The permeabilities were

measured at well above the suggested 1000 ml/min minimum,1 both in and

out of the trafficked area. The results were excellent in areas where

bleeding had riot occurred.

At the time of the survey, raveling had occurred on runway 3-21

adjacent to the transverse Joints (Figure 3). It appears that the paver

screed dragged over high spots in the pavement in a few areas to produce

small areas having little PFC mix (Figure 4). Some minor damage had

been caused by snow removal equipment. Adjacent to the reflective

cracks, minor raveling had occurred. Rubber buildup did not appear to

be a problem. Mu-Meter test results indicate little difference between

wet and dry Mu-Meter values on this runway. This runway handles both

private and air carrier planes.

11



Figure 3. PavelinF ad~jacent to transverse
joints (runway 3-21, Great Falls)

Figure 4. Loss of PFC mixture

(runmway 3-21, Great Falls)

12



GREENSBORO-HIGH POINT-WINSTON-
SALEM REGIONAL AIRPORT

A condition survey of the PFC runway at Greensboro-High Point-

Winston-Sale!i Regional Airport was conducted in January 1980. Field

permeability tests of the PFC were conducted.

At the time of the survey, the 3/4 -in.- (19.04-mm-) thick PFC

pavement that was constructed in September 1974 was in excellent condi-

tion. However, the last 500 ft (152.4 m) on the northern end of the

runway was breaking up. As indicated by a core sample taken in this

area, this problem was due to movement of the underlying asphalt mix and

not to any problem with the PFC. Thompson-Arthur of North Carolina was

the contractor, with the Pittsburg Testing Laboratory conducting the

quality control testing. The U. S. Army Engineer Waterways Experiment

dtation (WES) developed the mix design using the centrifuge kerosene

equivalent (CKE) test method. 7 The asphalt content was determined by

using the formula: Estimated Optimum Asphalt (EOA) = 2K + 4.0 1,2,7
c

An asphalt content of 6.5 percent was selected along with a mixing

temperature of 280°F (138°C). During construction, the temperature was

increased to 300°F (149 0C) with a viscosity of 270 centistokes (cSt)

for a smoother laydown. A neoprene-rubberized asphalt (85-100 pen) was

selected for this job. The gradation of the aggregate obtained from

core samples taken in 19752 was within the limits of the original mix

design gradation. This gradation falls within the limits recommended by

the FAA.4 The aggregate used was a granite with a specific gravity 5 of

2.82 ani a Los Angeles abrasion test 6 value of 24 percent. The PFC was

mixed in a batch plant, placed with a conventional paver, and rolled

with two steel-wheel rollers making from two to four passes. A light

tack coat was applied over a heavier 8 -in.- (20.32-cm-) wide band coat-

ing7 sprayedi on the joints of the underlying pavement to ensure a good

m'istiire seal.

There was some damage caused by snow removal equipment and some

minor stripping of the asphalt from the surface aggregate. Patchwork,

when necessary, was conducted with an available state highway PFC mix.

The permeabilities measured well above the 1000 ml/min minimum.1 The

13
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,,,vc, perreali ii ity obtaine d in the traffic lane 'ouid be accounted for

b.y the in,'-eased ck,,paction of the traff'ic.

The results from Mu-Meter tests indicate an averge difference of

on!y t percent between wet and dry Mu-Meter values on the PFC. Decpite

a vight iubber buildup at about 1000 + 500 ft (30L.8 + 152.4 m) from

the end of' the runway, the normal touchdown area for aircraft, there was

no signifi:'ant decrease in Mui-Meter values. Airport personnel said that

at first some pilots complained of the increased tire wear, but they all

appreci'ited the skid resistance afforded. The operations manager men-

tioned that ice occurred on the PFC pavement before it occurred on the

other runway, a dense-rradei pavement. However, the ice on the PFC

pavement thawed bef re the ic-e on the dence-rgraded pavement.

rN!ONROF REGIONAL ATRFORT

A condition survey of' the PFC runway at Monroe Regional Airport

was mado in April 1980. Field permeability tests were conducted and six

core samples were obtained.

The 1-in.- (2.514-om-) thick PFC on runway 4-22 was constructed in

October 19714. It overlaid a new 7-in. (17.7 8 -cm) layer of asphalt

concrete, which was placed on top of an old portland cement concrete

pavement. Jenkins, Lazenby, arid Associates, L. D. Ritter, and Shilstone

Testing- Laboratory, all from Monroe, Louisiana, were the consulting

en)ineers, the paving contractor, and the testing laboratory, respec-

tively, :'or the PFC construction. The mix design was developed by

utilizing five test sections and varying the asphalt content and mixing

tempernture. An asphalt content of 5 percent was selected along with a

rixing temperature of 250° (F210C). This percent asphalt appears to be

relatively low when compared with the asphalt content for other PFC's.

This low asphalt content could have contributed to the raveling along

the reflective cracks and also some raveling of the surface aggregate

(Fivle 5). The original gradation fell within recommended FAA limits.

The tgr'adati-n obtained from the cored samples (Table 2) shows that there

i; rt the require I amount of coarse material (retained on the 3/8-in.

.k-mr n.,'ve and larger). Aggregate wear, poor production control at

1 h



Figure 5. Raveling along reflective cracks

(runway 4-22, Monroe)

the plant, or the limited amount of sample material tested could account

for the difference. The aggregate used was a chert with a specific

gravity 5 of 2.7 and a Los Angeles abrasion test value of 23.7 percent.

Prior to placing the PFC, a light tack coat was applied to the existing

pavement. The PFC was mixed in a batch plant, placed with a conven-

tional paver, and rolled with a steel-wheel roller.

The permeability measured was well above the suggested 1000

ml/min minimum.1 At the time of this survey, there was substantial

rubber buildup along the center of the runway. Since the rubber buildup

was causing no wet traction problems, no immediate plans were made for

removing the rubber.

The airport manager noted that there was poor surface drainage

across the runway and that the longitudinal paving joints acted as small

dams ponding water flowing across the runway. A deep rut caused by a

flat tire on a landing aircraft ran half the length of the runway and

onto a taxiway. This rut had been filled with asphalt mix. Several

places on the PFC pavement had been scarified by the use of metal

15



snowplow bla ; , . This problem was alleviated by the use of hard rubber

blades. Urea had been used for snow and ice removal, and sand had beer

used for traction. On one side of the runway, there had been a settle-

ment of 2 to 3 in. (5.08 to 7.62 cm) on a section 10 ft (3.05 m) wide

that extended from the edge of the pavement to the center line of the

runway (Figure 6). The airport manager believed this settlement to have

been caused by a failure of the old underlying portland cement concrete

pavement. The airport manager also felt, as did the airport manager in

Greensboro, that water on the PFC froze and thawed quicker than on con-

ventional dense-graded mix. The pilots were satisfied with the wet

traction provided by the PFC pavement.

DALLAS NAVAL AIR STATION

A condition survey of the PFC runway at the Dallas Naval Air

Station was conducted in May 1980. At this time, field permeability

tests were conducted on the PFC, which had been constructed in September

1971. This 5/8-in.- (15.88-mm-) thick PFC overlaid a leveling course

that was placed to provide proper grade to the existing pavement.

Figure 6. Failure in pavement section
(runway b-22, Monroe)
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W. P. Wills, Consulting Engineers, of Dallas, Texas, designed the

PFC. Uvalde Construction Company, Texas, was the paving contractor and

iouthwestern Laboratory, Texas, was the testing laboratory. The mix

desirn was developed by building a test section and varying the asphalt

content and mix temperature as required. An asphalt content of 6.5

percent was determined along with a mix temperature of 240 0 F (16 0C). A

jow penetration asphalt (47 pen) was used in the mix. The aggregate

aseJ was :L basalt with a Los Angeles abrasion test 6 value of 15.4 per-

cent. The .radation of the core samples approached the original con-

stt nition specification limits. This gradation differs from most in

that it is made up almost entirely of one size aggregate and contains

a!l!ost no fIines (5.31 percent passing No. 8 sieve). At the time of this

survey, severe raveling of the surface aggregate had occurred. This

raveling probably was caused to some extent by a combination of the low

penetration asphalt (h7 pen) used and the one size aggregate in the mix.

Periodic sweeping had kept foreign object damage to a minimum. The

abrasive effects of the braking aircraft plus some fuel spills had

mag-nitied the raveling problems.

A ligrht tack coat of RS-I was used. The PFC was mixed in a batch

pt:int, placeli with a conventional paver, and rolled with three passes by

aI i-tori (9.08 -metric-ton) steel-wheel roller. After the PFC had cooled

Cor nt least 2 hr, it was rolled with a pneumatic roller. This rolling

probably helped seat the aggregate where the steel-wheel roller bridged

over' low spots.

The permeability afforded by the PFC was excellent (Table 2).

The hi-,h permeability was probably attributable to a combination of the

I mount of fines in the PFC and also by the large amount of surface

rn~ve~ir, that occurred. Figure 7 shows a number of longitudinal cracks

wit.h ,Lz:yiated raveling. Further damage was caused by snow removal

-oiipmmt and also by the aircraft arresting gear (Figure 8). The PFC

h'; cn, n p'Lthed in spots where fuel spills had occurred.

Tr, J)7, a 1400-ft (426.7-m) extension of the PFC was added to

the, ,,rthern eni of the runway. The existing asphalt surface was cold-

':_Jno t,, prmit fj smonth abutment between the old PFC and the new one.
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Figure 7. View of surface raveling and longitudinal
paving joint (runway 17-35, Dallas)

Fig-ure 8.DaxnaFre from arresting gear
(runway P'~.Dallas3)



As in 1971, a leveling course was placed to provide the proper grade to

the existing pavement. The major variations of this PFC as compared

with the one constructed in 1972 are: (a) a higher penetration asphalt

(60-70 pen) was used; (b) 1.5 percent hydrated lime was added to the mix

for its antistripping characteristics; and (c) the gradation was adjusted

to increase the amount of material passing the No. 8 and smaller sieves,

with 3 percent passing the No. 200 sieve. These three changes have

produced a PFC that is performing well and in excellent condition (Fig-

ure 9). Public Works Office personnel were satisfied with the perform-

ance of the PFC's.

PEASE AIR FORCE BASE

A condition survey of the PFC runway at Pease Air Force Base was

made in January 1980. The 1-in.- (2.54-cm-) thick PFC at Pease Air

Force Base was constructed in September 1972. Three core samples were

taken from the trafficked area. Further sampling and inspection of the

runway was inhibited because of aircraft operations.

Fig-ure 9. View of new PFC extension, old PFC

in backcround (runway 17-35, Dallas)
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The contriuctor was tafola Construction Company of Portsmouth,

. ew iuripshlre, with base personnel handling the des i<n and control test-

ing ,lurint, construction. The mix design was adjusted by varying the

asphalt content and mixing: temperature during the construction of the

test section. An asphalt content of 5.2 percent was selected. The

asphalt used was a high penetration asphalt (120-150 pen), which is

norrmai Cor this region. HyOrated ime (1.5 percent) was added to the

mix o prevent stripping of Lhe atgreg7ate and to improve the handling of'

the mix. The gradation of the aggretate in the orig-inal design mix and

that obt,,ined from the core samples were both within the recommended

-rad'ition limits. The aggregate used was a basalt with a specific

gravity of 2.76 and a Los Angeles abrasion test0 value of 13.5 percent.

The mixing, temperature used was 250 F (1217,). The PFC was mixed in a

batch plant, applied with a conventional paver, and rolled with two to

four passes by a steel-wheel roller. A leveling course had been placed

over low areas on the existing pavement to provide proper rade. Prior

to placing, the PFC, a tack coat was applied to this leveling course.

oon after construction of the PFC, reflective cracks came through in a

pattern indicative o-f the pavement condition prior to the leveling,

course. In 19(1, many of these reflective (racks were sealed with

Petroset. The Petroset sealed the cracks, but according to base per-

sonnel, it also restricted the flow of water across these cracks.

The permeability of the PFC as determined from permeability tests

was above the accepted minimum of 1000 ml/min. At the time of inspec-

tion, there were some popouts (Figure 10) and several reflective c,acks.

wev.er. very little raveling had occurred adjacent to these reflective

,..'gs. Locked-wheel or 150-de- turns have not been allowed on the PFC.

.; si-riificant damage attributable to snow removal equipment was noted.

Ure'i that was used for snow and ice removal had no apparent effect on

FF2 performance. Some rubber buildup was observed over most of the

runway, but it had not caused any skid problems. The PFC pavement on

the runway was in good condition, and the base personnel were satisfied

with its performance.
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Figure 10. Popouts (Pease)

PORTLAND INTERNATIONAL AIRPORT, MAINE

A condition survey of the PFC r<tnway at Portland International

Airport was conducted in January 1980. During this survey, six core

samples were obtained.

The 3/4-in.- (19.05-mm-) thick PFC was constructed in 1973. Blue

Rock Industries of Maine was the contractor with the Maine Department of

Transportation providing the design and quality control testing. The

mix design was determined by using the Marshall mix design method. The

Marshall method of design is not recommended for use in designing PFC

pavements. The use of the CKE test' for determining the EOA is recom-

mended. 12,8 An asphalt content of 6.5 percent was determined by using

the Marshall method. The asphalt used was an AC-20 (02-85 pen) supplied

from two di fferent refiners. The mixin,- temperature selected was 300°F
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(149 0 C). The asphalt was obtained from Shell and Exxon and had vis-

cosities at 2750F (1350 C) of 485 and 409 cSt, respectively. The grada-
4

tion of the aggregate was within the recommended limits. The gradation

of the aggregate from the core samples taken was about 15 percent finer

on every sieve than the original gradation, probably because of aggre-

gate breakdown or improper quality control during construction. The

aggregate used was a ledge rock with a specific gravity 5 of 2.69. Two

batch plants were used to manufacture the PFC, a Cedar Rapids and a

Baldwin-Lima-Hamilton. The PFC was placed with a conventional paver and

rolled with a steel-wheel roller.

The permeability of the core samples from the PFC measured ap-

proximately 20 percent below the suggested 1000 ml/min minimum,1 both

in and out of traffic, when tested in the laboratory. This low perme-

ability could probably be attributed to the high amount of material

passing the finer sieves (Nos. 4-200) in the core.

At the time of survey, the pavement was in good condition with

only minor damage from snow removal equipment (Figure 11). The PFC had

t 
I
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Figure 11. Surface texture and equipment
damage (Portland)
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not been damaged by turns at the taxiways. Longitudinal paving joints

were in good condition. A few popouts and also several reflective

cracks with adjacent minor raveling were noted. The minor rubber

buildup posed no problem (Figure 12).

SALT LAKE CITY INTERNATIONAL AIRPORT

A condition survey of the 3/4-in.- (19.05-mm-) thick PFC runway

16L-34R at Salt Lake City was made in April 1980. The PFC pavement on

runway 16L-34R, along with the PFC pavement on the parallel taxiway, was

constructed in August 1972. When the PFC was constructed, an additional

1200 ft (365.8 m) of runway was added onto the northern end. The runway

and the taxiway PFC's were laid directly on the old flexible pavements.

Gibbons and Reed Construction Company of Utah was the contractor.

Airport personnel performed the quality control and testing of the mix.

The final PFC mix design was developed by placing a test section and

adjusting the mix as necessary. The asphalt used was a low penetration

asphalt (60-70 pen) with 1.5 percent neoprene rubber added. The asphalt

Figure 12. Overall v4 f PFC runway (Portland)
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content was 5.75 percent. The mixing temperature selected was 325°F

(1630 C) with an asphalt viscosity of 185 cSt. Minor asphalt drainage

from the mix was reported during construction. The original gradation

and the gradation of the cores fell within recommended limits. 4 The

aggregate used was a slag with a specific gravity 5 of 3.75 and a Los

Angeles abrasion test 6 value of 12 to 15 percent. This region has an

average of 100 freeze-thaw cycles per year. A light tack coat of SS-lh

emulsion was used. The PFC was mixed in a batch plant, applied with a

conventional paver, and rolled with a steel-wheel roller.

Permeability tests were conducted on runway 16L-34 R and on the

parallel taxiway. These test results varied greatly because of the

surface features present, such as minor surface raveling and several

rich spots in the PFC.

At The time of this survey, many reflective cracks had been

sealed with a tar and tire-shread compound. These sealed cracks alcng

with several rich spots (less than 5 percent of the pavement area) in

the runway restricted the flow of water (Figure 13). In at least two

.... .... "... " • '•

Figure 13. Sealed cracks and rich spots
(runway 16L-3hR, Salt Lake City)
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places, a failure of the pavement structure had occurred that required

patches approximately 12 ft (3.66 m) wide and running the entire width

of the runway (Figure 14). The runway in this area may have contributed

to the failure because it is only 4 ft (1.22 m) above the water table.

Damage from snow removal equipment was confined mostly to the taxiway

and ramps leading to the runway (Figure 15). Warm sand and urea were

being used for snow and ice removal.

SCOTT AIR FORCE BASE

A condition survey of the PFC runway at Scott Air Force Base was

made in May 1980. The 3/4-in.- (19.05-mm-) thick PFC was constructed in

May 1976. It was constructed on top of 6 to 8 in. (15.24 to 20.32 cm)

of old asphalt concrete overlaying 6 to 8 in. (15.24 to 20.32 cm) of

portland cement concrete.

Thacker Construction Company of Illinois was the contractor. The

U. S. Army Corps of Engineers, Omaha District, Nebraska, handled the

Figure 14. Patch running full width of runway
(runway 16L-34R, Salt Lake City)
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Figure 15. Damage from snow removal equipment
(runway 16L-34R, Salt Lake City)

design and testing for the construction. The mix design was developed

using the K factor for the CKE test method 7 and the formula, EOA =

2K + 4.0 ,12'3 for the percent of asphalt required. Mix productionc
began with 6.5 percent asphalt mixed at 2850F (141 0C); after construc-

tion started, the mixing temperature was raised to 3000 F (i490 C). The

binder used was a neoprene-modified asphalt consisting of an 85-100 pen

grade asphalt and 1.5 percent neoprene-rubber additive. This material

was blended by Husky Oil in Cody, Wyoming. The original gradation was
14

within recommended limits. The aggregate used was a blended felsite

with a specific gravity 5 of 2.77 and a Los Angeles abrasion test 6 value

of 18.2 percent.

According to an observation report by the WES,9 initially the SS-

lh emulsion was applied at a rate of 0.03 to 0.04 gal/sq yd (0.14 to

0.18 cu dim/sq m) and then rolled with a pneumatic roller. The tack coat

was picked up by the roller tires and dropped as the buildup continued.

These areas wouLd bleed through the PFC; hence the contractor was

26
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required to remove this material with shovels before overlaying. The

application rate was later increased to 0.05 gal/sq yd (0.23 cu dm/sq m),

and the rolling of the tack was eliminated.

The PFC was mixed in a continuous mix plant and placed with a

conventional paver. The pavement was rolled with two to four passes of

a steel-wheel roller. Initially, the final pass over the PFC was made

with a pneumatic roller to remove the sheen from the PFC, but this pass

was discontinued because it picked up the mix and was judged unnecessary.

Permeability tests were performed on the PFC in and out of the

traffic area. The permeability test results varied considerably within

both areas, probably because of the varying surface features present

such as rich spots and also some raveling of the surface aggregate

(Figure 16). There were some isolated cracks with adjacent minor r-avel-

ing (Figure 17). The PFC suffered some damage from snow removal equip-

ment turning at the exit ramps. The rubber buildup at the time of this

survey was not excessive and, according to base personnel, had caused no

problems.

Figure 16. Reflective crack and view of
surface condition (Scott)
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Figure 17. Reflective cr .cks (Scott)

Repairs have been required on the runway because of severe

bulging of the pavement at points approximately 1000 ft (304.8 m)

apart. Base personnel, because of the spacing of these bulges, felt

that thermoheaving of the concrete underneath caused the bulging and

that this thermoheaving was accentuated by the black surface of the

PFC. The repair method used consisted of sawing and removing the PFC

along with all the underlying material and then replacing the material

removed with portland cement concrete. Overall, the runway was in good

condition, and the base personnel were satisfied with its performance.

SIOUX CITY MUNICIPAL AIRPORT

A condition survey of the PFC runway 13-31 at Sioux City was con-

ducted in May 1980. The 1-in.- (2.54 -cm-) thick PFC on runway 13-31 was

constructed in 1974. Permeability tests were conducted and core samples

were taken from the PFC.

Brower Construction Company of Iowa was the contractor and Mid-

west Testing Laboratory of Iowa performed the quality control testing.

Trial mixtures of PFC were prepared as described in FAA P-402. 4 The
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results of these drainage tests were inconclusive and a satisfactory

percent asphalt could not be determined. The final mix design was

developed by building a test section and varying the percent asphalt and

mixing temperature to arrive at the desired PFC pavement. An asphalt

content of 6.0 percent of 85-100 pen grade asphalt was selected along

with a temperature ,f 2650F (1290 C) at placement. According to the

testing laboratory, a test to attempt to remove part of the test section

indicated a very good bond between the PFC and the underlying asphalt

pavement. The gradation of the aggregate was within recommended
4

limits, although it was on the lower side of the gradation limits.

Except for the original PFC at Dallas Naval Air Station, this PFC has

the least amount of fines (passing Nos. 4-200 sieves) of all PFC's sur-

veyed. This small amount of fines may have contributed to the severe

raveling of the surface aggregate over the entire runway, which existed

at the time of this survey (Figure 18). The runway had been swept

periodically to keep it free from loose aggregate. Airport personnel

felt that the wheels on their large snowplows may be helping to loosen

the aggregate.

Figure 18. Surface raveling and reflective cracks
(runway 13-31, Sioux City)
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A quartzite aggregate was used with a specific gravity 5 of 2.68

and a Los Angeles abrasion test 6 value of 21 percent. The PFC was mixed

in a batch plant, placed with a conventional paver, and rolled with a

steel-wheel roller. Large reflective cracks running both longitudinally

and transversely along the runway showed severe raveling (Figure 19).

According to airport personnel, the rubber buildup, which was heavy in

spots, had not caused any problems (Figure 20).

The permeability tests showed a high permeability, well above the

suggested minimum of 1000 ml/min.1 This high permeability is probably

due in part to the comparably small percentage of aggregate passing the

smaller sieve sizes (Nos. 4-200).

A 1-in.- (2.54-cm-) thick PFC was constructed on runway 17-35 in

1977. This runway was not tested, but its performance was reported to

be similar to that for runway 13-31. The mix used on runway 17-35 was

simiLar in most respects to that used on runway 13-31 except that a

lower penetration asphalt (60-70 pen versus 85-100 pen) and a slightly

*coarser gradation were used. In the opinion of the testing and engi-

neerin<- coi pany for both PFC's constructed, the PFC on runway 17-35 has

Figuire 19. Reflective crack (runway 13-31, Sioux City)
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Figure 20. Overall view of PFC runway
(runway 13-31, Sioux City)

experienced more loose aggregate than the PFC on runway 13-31. Shortly

after construction, 0.15 gal/sq yd (0.68 cu dn/sq m) of SS-lh emulsion

fog seal was applied to this runway. The purpose of the fog seal was to

alleviate the raveling problem. At the time of this survey, airport

personnel indicated that the seal had stabilized the raveling, that the

PFC had retained its permeability, and that water had flowed from the

edge of the PFC after it had rained. Both PFC's were performing well.

One problem that had been reported was an increase in the amount of tire

wear due to the PFC surface.

JOE FOSS FIELD, SIOUX FALLS AIRPORT

A condition survey of the PFC runway at Joe Foss Field was made

in May 1980. Field permeability tests were conducted on the PFC, and

six core samples were taken. The 1-in.- (2.54-cm-) thick PFC on runway

15-33 was constructed in the summer of 1979. It was laid directly over

a 1-in.-(2.54-cm-) thick PFC constructed in 1971. Prior to overlay, the
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old PFC had raveled and had been patched in several places. The only

surface preparation prior to construction of the new rFC was the appli-

cation of a tack coat to the old PFC. An SS-lh sprayed at a rate of 0.1

gal/sq yd (o.45 cu dm/sq m) was used as the tack coat.

Myri and Roy's Paving Company of Sioux Falls, South Dakota, was

the contractor, and Schmitz-Kalda and Associates of Sioux Falls per-

formed the design and testing of the PFC. The final mix design for the

PFC was selected by building a test section and varying the asphalt

c-ontent and the mixing temperature. An asphalt with an 85-100 pet was

used. Added to the asphalt was 1.5 percent neoprene rubber and I oz

(26.35 g) of silicon for 5000 gal (18.93 cu m) of asphalt. An asphalt

content of 7.5 percent was selected along with a mixing temperature of

00F (11,9 0C). The original gradation of the aggregate was within

recommended limits. The gradation of the aggregate obtained from the

core samples is also within these limits. The aggregate used was a

quartzite with a specific gravity 5 of 2.65. The PFC was mixed in a

batch plant, placed with a conventional paver, and rolled with four

passes of a steel-wheel roller. At the time of this survey, a longi-

tudinal crack, which ran the length of the runway, plus several trans-

verse reflective cracks (Figure 21) were observed, but little raveling

had occurred adjacent to these cracks.

The permeability tests showed a high permeability, well above the

accepted minimum of 1000 ml/min. The lonritudinal paving joints were

very noticeable and, from the excess flow of water from the permeability

tests, showed that they act to inhibit the flow of water across the

runway. Some of the surface aggregate, especially at the joints, np-

peared to have been crushed or broken during or after construction

(Figure 22). The airport manager felt that the snowplows were shearint

off the aggregate that protruded the farthest from the PFC. Results

from Mu-Meter tests indicated little difference between wet and dry Ilu-

Meter values either in or out of the trafficked areas of' the runway.

In warm weather, as when surveyed, the PFC appeared to be very

pliable. This PFC mix used the highest percentage of asphalt by weight

12
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Fute 21. Reflective crack(rwy
Sioux Falls)

Fi.,uie 1'1. Joints, rich spots,anbro
flrrerte( runway 15-3B, SiouxE?1s



of total mix of any PFC surveyed. Because of the hitgh asphalt ,o tent,

bleeding may become a problem in 
the traffic areas. If bleedinf dKeO

occur, this will significantly 
reduce the wet skid resistance.
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CONCLUSIONS

The followint conclusions are believed warranted based on the

results of this study:

it. Joints in paving construction are always critical, especially

with PFC's. When they restrict the flow of water as they did
at Monroe, Pease Air Force Base, Salt Lake City, and Sioux

Falls, they defeat the purpose of a PFC, that is, high perme-

ability. With the thin overlays used in PFC construction, it
is critical that the construction Joints be correctly butted

together. An improperly prepared construction joint will

crack and encourage raveling adjacent to the joint. Standard
maintenance procedures have been to fill these cracks with
some type of emulsified asphalt. From the PFC's surveyed, it

appears that experience by contractors with PFC's should
enable them to construct durable Joints that allow we.ter to
flow through them.

b. Many of the PFC pavements exhibiting raveling problems were
constructed with low penetration grade asphalts. Performance
results indicate that the asphalt type normally used in the
area to produce dense graded asphalt mixes should be used in
production of PFC mixes. The addition of neoprene rubber to
the asphalt also appears to improve overall performance of
PFC pavements.

c Several PFC's have had problems with surface raveling. These
problems in most cases have stabilized after a period of
time. Probable causes for PFC's raveling could be (1) the
wrong grade of asphalt used, (2) a low asphalt content, (3)
PFC mix temperature too low or applied in cold weather, (4)

improper mixing or coating of aggregates, and (5) stripping of the

aggregate. A surface raveling problem at Sioux City was

believed by airport personnel to have been caused by the PFC

being placed at too low a temperature during fall construc-
tion. A fog seal was applied to this PFC to hold the aggre-
gate in place and proved to be at least partly effective.

With this solution, sufficient asphalt must be applied to
hold the aggregate in place but not so much as to cause the
permeability of the PFC to be reduced below the desired
level.

d. In the opinion of airport personnel, snow and ice removal

equipment has caused damage to PFC pavements. The damage
observed in these surveys usually occurs at high spots or
other areas where construction deficiencies occurred or in

areas where the equipment has turned or maneuvered. The use

of hard rubber blades has reduced the amount of damage.

e. The effect of freeze-thaw cycles on the PFC does not appear

to be critical, probably because of the high quality of
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aggregate used in the PFC's. The one case of a problem being
accredited to freeze-thaw cycles occurred at Great Falls on
runway 16-34. A limestone aggregate was used, but not enough
data were available to determine if the limestone aggregate
produced the problem.

f. Rubber buildup on the PFC can be a problem, especially at
high-volume airports, but so far at the airports surveyed
no attempts have been made to remove the rubber.

. Based on the performance of the PFC's surveyed, the condition
of the underlying pavement is critical. Without a good
foundation pavement structure, a successful PFC cannot be
constructed. At Pease Air Force Base, where cracking of the
pavement existed before placement, the cracks reflected
through the PFC in the same pattern. Proper control of grade
and surface smoothness to get proper drainage and a uniform
PFC thickness is only possible when the underlying pavement
meets these requirements. Dallas Naval Air Station is an
example of where the proper grade and surface smoothness were
not achieved and when it rains, water ponds in low areas.

h. There has been wide variation in the methods used for mix
design of PFC's. The methods used have been the Marshall mix
design, the Kc factor from the CKE method, asphalt drainage
tests, and engineering experience with PFC's. The optimum
asphalt content determined from any of the above-mentioned

methods, however, has been adjusted by constructing test
sections at various asphalt contents and temperatures to
determine the desired asphalt. content and mix temperature.

i. At Joe Foss Field, a PFC was placed directly over an existing
PFC pavement with success. No special preparation of the
existing PFC was required prior to overlay.

36
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RECOMMENDATIONS

Biased on the findings of this survey, it is recommended that the

following problems be studied:

a. Develop procedures to measure the functional adequacy of in-
place PFC. Minimum values for both friction tests (Mu-Meter)
and permeability tests (see Appendix A) would form the basis
for such a measurement.

b. Identify material characteristics based on field performance
that provide good performance of PFC pavements. These mate-
rial characteristics should include the grade of asphalt,
additives, gradation, and types of aggregates used.

c. Develop procedures for the preparation and treatment of PFC's
to be overlaid. The two possible alternatives are either to
overlay or to remove the old PFC.

d. Identify maintenance procedures that provide for proper
replacement of damaged areas of the PFC, including construc-
tion procedures for removing and replacing the damaged PFC
and also the mix design used.
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APPENDIX A: PERMEABILITY TEST

The permeability test device consists of a clear plastic standpipe

(2-in. (5.08-cm) ID and 2-1/2-in. (6.35-cm) OD) with a height of 13 in.

(33 cm). The device has a 1/2-in.- (12.7-mm-) thick, h-in.- (lO.16-cm-)

OD collar on the bottom with a 1/h-in.- (6.35-mm-) thick sponge rubber

gasket (2-in. (5.08-cm) ID and h-in. (lO.1 6-cm) OD) to prevent surface

leakage (Figure A-i).

The results of the permeability tests are affected by the surcharge

load applied to ensure contact of the standpipe and pavement surface. A

surcharge load of 100 lb (hhh.8 N) has been satisfactorily used to ensure

that the conditions of the tests are reasonably constant in this respect.

Any method if supplying this surcharge is applicable, provided it is con-

stant and is applied perpendicular to the pavement surface tested.

When the standpipe has been positioned and loaded, water is intro-

duced into the standpipe to a level above the 10-in. (25.h-cm) mark on the

side of the standpipe. The addition of water is then stopped, and the time

to fall from the 10- to 5-in. (25.h- to 12.7-cm) level is measured with a

stopwatch. This test is repeated three times and the average of the values

is computed. The flov rate is determined from the relation Q = VA . Thus,

for a 5-in. (12.7-cm) ta'ling head, Q in millilitres per minute is equal

to 15,436.8 divided by the time to fall in seconds. A wide range in per-

meability measurements can be expected, but a reasonable lower limit of

permeability for newly constructed PFC pavements is 1000 ml/min.

FIELD TESTS

In the field, an open truck door or bumper-mounted bracket can be

used for the reaction weight, and an extension screw can be used to apply

the load. The load system should include a ball bearing or universal mecha-

nism for self-alignment. In the field where a truck is used to react

against, the truck should not be parked broadside to the wind. Wind rock-

ing the truck will cause the load to vary and affect the results.

LABORATORY TESTS

In the laboratory, good results have been obtained by conducting the

test on 6-in.- (15.2h-cm-) diam specimensI (Figure A-2).
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Figure A-]. Permeability device (I in. 2.54 cm)
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Figure A-2. Setup for laboratory permeability test
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